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Tom tit. Trong bai bao nay, mot phuong phap phan 16p hinh anh dua trén cau trac KD-Tree
duoc dé xuit nhidm thuc hién phén 16p nhiéu lan cho moét anh dau vao theo mo hinh phan
16p da tang. Chung t6i da dé xuat cac thuét toan phén 16p hinh anh dwa trén cdu truc KD-
Tree, huédn luyén bd véc-to phan 16p va mo hinh phan 16p anh. Dua trén co s ly thuyét nay,
chuing t6i thire nghiém trén cac bd anh COREL, Wang, CIFAR-100, Caltech101, Clatech256 v6i
hai nhém ddc trung SCH, SCH36 va so sanh véi cac cong trinh khéc cung bo dit liéu d€ chiing
minh tinh kha thi cia phwong phap. Két qua thuwc nghiém cho thay phwong phap cta ching
toi la hiéu qua va ¢6 thé€ ap dung duoc cho cac hé phan loai hinh anh thudc cac linh vuc khac
nhau. Dong thoi, day la mét hudng ti€p can moi trén cdu trac KD-Tree ap dung cho bai toan
phén 16p hinh anh dugc danh gia véi hiéu suat cao hon cac phuong phap khac thuc hién trén
cung b anh.
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Image classification based on KD-Tree structure
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Abstract. In this paper, a method of image classification based on a KD-Tree structure is
proposed to perform multiple classifications for an input image according to the multi-layer
classification model. The process of image classification based on the KD-Tree structure is
conducted with the method of building a KD-Tree structure and training a set of classifier
vectors. Therefore, some algorithms, including an image classification algorithm based on the
KD-Tree structure, classifier vector training algorithm, and image classification models, are
proposed. Based on this theory, the experiment is built on the image sets COREL, Wang,
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CIFAR-100, Caltech101, and Clatech256 with two groups of features: SCH and SCH36 and
compared with other works with the same data set to demonstrate the feasibility of the
proposed method. The results show that our method is effective and can be applied to image
classification systems in different fields. At the same time, this is a new approach to the KD-
Tree structure, applied to the image classification problem with higher performance than
other methods with the same set of images.

Keywords: image classification, classification model, classification performance, KD-Tree
1 Gioi thiéu

Phéan 16p hinh anh la mot chu dé quan trong trong linh vuc thi gidc may tinh va thu hat sg
quan tam cua cdc nhom nghién ctru trong thoi gian qua. Mot mo hinh phan 16p ¢é thé duoc xay
dung bang cac thuat toan: rieng ngdu nhién, cdy quyét dinh, mang hoc siu va nhiéu ky thuat khac.
Bai toan phan loai d6i tuong bang hinh anh dugc tng dung trong nhiéu linh virc nhir nhan dang
mau, phan loai bénh nhan, dy doan thi truong chiing khoan va ting dung trong nhiéu linh vic
khéac. Ngay nay, sy da dang ctia anh s6 lam cho qua trinh nhan dang d6i twong qua hinh anh gap
nhiéu khé khan, dac biét la cac b anh da d6i twong [1, 2]. Vi vay, nang cao hiéu sudt cho mo hinh
phan loai d6i tuong bang hinh anh 1a can thiét. Trong bai bao nay, ching t6i ddnh gid md hinh
phan loai d6i tuong bang hinh anh qua cac giai doan: xay dung, hudn luyén m6 hinh, kiém tht

va chon tham sG dé€ két qua phéan loai ttr m6 hinh dat hiéu qua cao.

M6 hinh phan 16p anh duoc xay dung dwa trén mot tap dit liéu gan nhan goi la tap huan
luyén. Nhiém vu ctia bai toan phan 16p la can tim mét mo hinh phan 16p dé khi ¢ di liéu moi
thi c6 thé xac dinh duoc dit liéu d6 thudc vao phan 16p nao [3, 18, 19]. Hién nay, c6 nhiéu bai toan
phan 16p dit liéu, nhw phan 16p nhi phan (binary classification) va phan 16p da l6p (multiclass
classification), dwoc thye hién v6i nhiéu ky thuat khac nhau nhu k-NN (k-Nearest Neighbors) [5,
14, 20], SVM (Support Vector Machines) [15], CNN (Convolutional Neural Networks) [15] va DNN
(Deep Neural Networks) [16]. Trong bai bao nay, mdt phuong phép phan 16p d6i twong bang hinh
anh dua trén cau trac KD-Tree duoc xay dung d€ hinh thanh cac phan 16p tai nat 1a. Qua trinh
phan 16p nay duoc thuc hién tai moi tang trén cdy KD-Tree dé hinh thanh tap véc-to phan 16p tir
nut goc dén nut trong thudce tang sat nut 1a. Tap véc-to phan 16p nay duwoc diéu chinh thong qua
qua trinh huén luyén trong s6 dé€ tim ra tap gid tri t6t nhat cho md hinh phan 16p dwa trén KD-

Tree.

Déng gdp bai bao gom: (1) M6 ta qué trinh phan 16p anh bang ciu tric KD-Tree; (2) Xay
dung thuat todn phan 16p hinh anh dya trén cdu truc KD-Tree; (3) Huan luyén bd véc-to phan

16p; (4) Dé xudt mo6 hinh phan 16p anh s§ dua trén c&u triic KD-Tree; (5) Danh gid md hinh bang
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thye nghiém trén cc by anh COREL [8], Wang [9], CIFAR-100 [10], Caltech101 [11] va Clatech256
[12].

2 Céc cong trinh lién quan

Ngay nay, phan 16p hinh anh da duwoc nhiéu tac gia thwe hién véi cac ky thuat khac nhau
nhu phan 16p bang thuat toan tim kiém lang giéng gan nhat (k-NN), mang noron tich chap
(CNN), mang hoc sau (DNN), thuat toan SVM, Naive Bayes, phan 16p theo cdu tric cay quyét
dinh (Decision Tree) va cay tim kiém da chiéu (KD-Tree). Trong phan nay, chung t6i tién hanh
khao sat mot s6 phuong phép phan 16p hinh anh dé€ rat ra wu, nhuoc diém va so sanh véi phuong

phép phan 16p anh bang KD-Tree, cu thé la:

Khotimah va cs. [22] da thuee hién mot phuong phap phan 16p hinh anh bang thuat toan
cay quyét dinh trén mau ca nglr dai duong véi dic trung hinh anh dwoc trich xudt gom két cau,
hinh dang ty 1é gitta dién tich dau va dién tich hinh tron, ty 1¢ hinh tron ctia dau ca ngir. Két qua
thie nghiém danh gia trén 60 mau anh c4 ngir loai mat to, vay vang va ca van véi do chinh xac
phan 16p 1a 0,88. Bén canh d6, Gautam va cs. [24] thuc hién mdt phuong phap phan 16p bang
thuat toan Naive Bayes d€ phan loai tu dong bach cau bang cach stt dung dic diém hinh thai d6i
tuong thong qua hinh anh. Két qua thuc nghiém véi d6 chinh x4c phan loai cho 68 mau hinh anh
12 0,8088 va thoi gian phan 16p cho mdi d&i tuong bang hinh anh trung binh la 22 giay. Day 1a hai
cong trinh thiee hién phan 16p hinh anh bang k§y thuat ¢ dién st dung Decision Tree va thuat
toan Naive Bayes da mang lai két qua kha quan. Tuy nhién, s8 mau thuc nghiém dé danh gia
hiéu sudt phan 16p trén hai cong trinh nay chwa 16n va chua ap dung cho phén loai hinh anh déi
v0i cac tap anh thudc nhiéu linh viec khac nhau. Vi vay, trong bai bao nay, ching toi tién hanh
thiwec nghiém phéan loai hinh anh béng KD-Tree duwoc thuc nghiém trén cac by di liéu 6 tinh chat

khac nhau, tap anh thyc nghiém 16n dé€ danh gia chét luong ctia phwong phap dé xuat.

Mot huéng tiép can phan 16p hinh anh bang cach két hop nhiéu ky thuat hoc may nhu k-
NN, CNN hodc két hgp ky thuat hoc may v6i mot cau triac dix liéu va cac nhom déc trung hinh
anh trén cac bd anh COREL, Wang, CIFAR-100, Calttech101 da duoc chung toi tién hanh thong
qua mot sO cong trinh tiéu biéu. Nhi cs. [5] da thue hién mot phuwong phap phan 16p hinh anh
bang cach két hop cdu tric cdy C-Tree va thuat toan phan 16p k-NN tai ntt 14 trén C-Tree da thu
duoc két qua kha quan. Trong cong trinh nay, cac tac gia da thwe nghiém trén bo anh COREL va
Wang v6i hiéu sudt phan 16p la 0,7302 va 0,6894. Sut két hop mdt cdu tric luu tri C-Tree va thuat
toan phan 16p k-NN da nang cao hiéu sudt cho qud trinh phan 16p hinh anh so véi thuat toan k-
NN. Pay la co so d& ching t6i tiép can phuong phap phan 16p bang KD-Tree dé so sanh hiéu
sudt trén cung bd anh. Bén canh d6, Kumar va cs. [15] két hop thuat toan phan 16p SVM va k-NN

trén cdc nhom dac trung dé tim ra két qua phan 16p tot nhat trén tap anh Wang. Trong cong trinh
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nay, cac téc gia da thuc hién qud trinh phan 16p anh bang phuong phap SVM-NPP-SURF véi hiéu
sudt phan 16p trén tdp anh Wang la 0,79. Ngoai ra, cac tac gia con thuyc nghiém trén cac tap anh
khéc va két hop nhiéu phurong phap nhdm danh gid va so sanh véi cac cong trinh cling linh vuec.
Trong cong trinh nay, ngoai ky thuat phan 16p dwoc lya chon, cac tac gia con quan tam dén van
dé trich xuat ddc trung hinh anh phu hgp véi ting tap di liéu cu thé. Dya trén y tuong lwa chon
dac trung hinh anh ttt cong trinh nay, ching t6i da thwec hién mot phwong phap phan 16p anh
bang KD-Tree két hop véi nhom cac dic trung hinh anh SCH va SCH36 dé so sénh hiéu suat trén
cing bd anh Wang. Kumar va cs. [11] da thuc hién qué trinh phan 16p hinh anh bang mang CNN
va thuie nghiém trén bo dit liéu CIFAR-100 trén 10 bd dit liéu mau gom Bed, Bicycle, Bus, Chair,
Couch, Motorcycle, Street Car, Table, Train va Wardrobe véi d chinh xac phan 16p la 0,5802.
Phuong phap duoc danh gia la kha thi, nhung cac tac gia chua cong bd két qua thwe nghiém trén
100 phan 16p ctia bo anh nay. Mac khac, Dang va cs. [12] da thiec hién bai toan phan 16p hinh anh
bang thuat toan QKNN (Quantum k-Nearest Neighbor) — qua trinh két hop thuat todn phan 16p
k-NN véi qua trinh trich xuat véc-to ddc trung hinh anh. Sy két hop nay dugc thwe nghiém trén
bd anh Caltech101 véi 9 phan 16p cé nhiéu hon 100 mau anh dé thyc nghiém; tdng s§ anh thuc
nghiém la 2921 v6i hiéu sudt phan 16p 0,78 khi k = 3. Trong cong trinh nay, cac tac gia chuwa cong
bS két qua thuc nghiém trén toan bd tap anh d€ ¢ co so phan tich wu nhuoc diém cua phuong
phap.

D& minh hoa cho phuong phap phéan 16p bang ciu tric KD-Tree két hop véi thuat toan k-
NN, Zhang va cs. [21] sit dung phuong phap phén 16p anh s6 d€ nhan dién khu6n mat dya trén
phuong phép phan 16p hinh anh két hop thuat toan k-NN va cdu truc KD-Tree. Trong cong trinh
nay, mdi hinh anh trong tap dit liéu tai pha huan luyén dwoc chia thanh nhiéu viing; cau trac
KD-Tree duoc xay dung dua trén tip anh phan ving nham phan 16p di liéu hinh anh. Tai pha
kiém thtt, mdi anh dwoc chia thanh nhiéu phan viung va cau truc KD-Tree duwoc st dung trong
quad trinh tim kiém theo thudt todn k-NN. Trong cong trinh nay, thuat toan KD-Tree duoc xay
dung theo cdu tric chi muc da chiéu nham giam thoi gian tim kiém. Thuc nghiém trén bo anh
CUFS (Chinese University Face Sketch) chting minh rang phuong phap dé xuat ciia nhdm tac gia
la hiéu qua. Day la cong trinh ma trong d6 cac tac gia st dung cdu trac KD-Tree két hop thém ky
thuat hoc may d€ phan loai hinh anh, nhung hiéu suat dat dwoc chwa cao. Diéu nay la dong luc
cho phuong phép ti€p can phan 16p hinh anh trén cdu tric KD-Tree duwgc chung t6i thuc hién
trén co so ké thira cau trac KD-Tree nguyén thuy dé€ cai tién thanh cdu tric KD-Tree da nhanh
can bang theo hudng phan 16p hinh anh va ké thia tir cong trinh [6, 7].

Céc cong trinh nghién cttu lién quan vé cac ky thuat phan 16p anh s6 duoc thuc hién theo
nhiéu phuong phap véi cac bd anh thuc nghiém COREL, Wang, CIFAR-100 va Caltech101 va da
mang lai hiéu suat khac nhau. Tuy nhién, cac phwong phap nay con nhitng han ché vé thoi gian
hudn luyén va két qua thuc nghiém chwa duoc cong bd day dua. Vi vay, trong bai bdo nay, ching
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toi dé xuat phuong phdp phan 16p hinh anh st dung ciu triac KD-Tree trén ndm bo anh khac
nhau vé tinh chat, s luong phan 16p va s& luwong hinh anh nham phan anh cac wu, nhuoc diém
dé€'lam co sd so sanh vai cac cong trinh trén. Pong thoi, day la mot phuong phap dwgc danh gia
la kha thi va c6 tinh méi.

3  Phuong phéap phéan 16p hinh anh dya trén ciu tric KD-Tree

3.1 C&u trac KD-Tree phén l6p

KD-Tree phan 16p duoc xay dung 1a mot cay da nhénh can bang, dua trén tinh chat cay
KD-Tree nguyén thuy [4], gom mot ntt goc lweu trit véc-to phan 16p (wo); tap nut trong {Node}, mdi
nat trong leu trit mot vée-to phan 16p (wi) va tap nat 14 {Leaf}, mdi nit 14 chita nhiéu véc-to hinh
anh {F = <fi, f2,..., fi>}, duoc mo ta va ké thira tit cong trinh [6, 7]. Trong cau truc KD-Tree phan
16p xay dung theo thuat todn CKDT [7], mdi nut ld chita tap véc-to hinh anh thudc nhigu phan
16p khac nhau. Vi vay, mbi nit 14 dwoc gadn mot nhan theo s6 luong véc-to cing nhan 16p 1a nhiéu
nhat theo thuat toan gan nhan SL2L [7]. C4u tric KD-Tree va qua trinh phan 16p trén KD-Tree
dwoc minh hoa trén Hinh 1.

fi = (fir.fi2.-.Fin)

Tai méi tAng trén KD-Tree thue hién mot 1an P
phan I&p cho vector f; bang cach chon nhanh|——{ wy . Y
c6 khodng cdch gan nhét & téng tiép theo. ’ Tap \:lector phan 16p = <Wg,W1p..... Whic>

Leafq Leafo Leafs Leafm Leafp Leafy Leafi+1 Leafp Leafp+1 Leafy Leaf|+1

Mot phan lop
tai nut Ia

Hinh 1. Qua trinh phén 16p trén ciu tric KD-Tree cho véc-to fi

3.2 Phuong phap phan 16p anh dwa trén ciu tric KD-Tree

Qua trinh phan 16p anh trén KD-Tree duoc thuc hién dua vao Hinh 1 theo quy tac: Véi
mot anh dau vao (I) 6 véc-to ddc trung fi = (fi, f,..., fin) lan luot di qua nat goc, nut goc luu triv
mot véc-to trong sd (wo). Tai nat goc, gia tri dau ra dugc tinh theo ham muc tiéu Sigmoid la yio =
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Sigmoid(fi x wo) [7]; gia tri dau ra ctia véc-to fi tai moi tang trén KD-Tree 1a co so cho qud trinh
chon nhéanh véi khoang cach gan nhat ¢ tang tiép theo. Khoang cach gan nhat duwoc xac dinh ttr
vi tri yij dén vi tri wix. Qua trinh nay ldp lai cho cac tang ti€p theo dén khi gédp nat 14 Leafs va nhan
cua nut 14 nay chinh la nhan 16p cta anh dau vao dwoc phén 16p trén KD-Tree. Phwong phéap
phén 16p anh dua trén ciu truc KD-Tree dwgc thuc hién nhiéu lan cho mot anh dau vao do cay
KD-Tree duoc xay dung 1a cdy da tang. Tai mdi tang trén KD-Tree thuc hién mot lan phan 16p

nén hiéu suét phan 16p anh trén KD-Tree la kha cao.

Ham muc tiéu: Trong qud trinh hudn luyén md hinh phan 16p dua trén cau tric KD-Tree,
can xac dinh gia tri dau ra tai mdi nut trong ctia cady. Do d6, ham muc tiéu Sigmoid (cong thtec (1))
duoc st dung la ham tuyén tinh tang trén mién [0..1]. Dong thoi, ham Sigmoid luén c6 dao ham
tai moi diém trén mién [0..1] nham tdng hiéu qua trong qua trinh hudn luyén véc-to trong s& khi

1ay dao ham theo cong thic (2) va tiét kiém chi phi hudn luyén ciu triic KD-Tree phan 16p .

1
(%)=
T e M
e X 1 e X
G2 TreXieex  TWmetd) @

o'(x)=

Goi W;= (Wi, Wis....Wj, ) 1a véc-to trong s6 Iuu trik tai Node; , cong thire (3) cap nhat gia
tri véc-to trong sd tai moi Node; theo ham o(W; * f;) va n7la hang s8 cho truedc nhu sau:

O(c(W *f)
Wi =W; —o(Wi* i) *n*——— =W, — o (W, * £) *n* o (Wi * ;) * (Lo (W;* ;) 3)
6(Wi)
Sau khi thuc hién gédn nhan cho tat ca cac nut I4, tinh hiéu suat phan 16p trén KD-Tree véi
tap véc-to trong s6 khoi tao theo cong thic (4).
Z(fg), 4)
2 (fmi)

P, = Avg(

trong d6 X (f};) 1atong s8 véc-to diing nhan 16p thudc nutla Leaf, ; X (fii) 1a tdng s6 véc-to thude
nut 1a Leaf,

Sau mdi [an cap nhat véc-to phan 16p theo cong thirc (3), hiéu sudt phan 16p trén KD-Tree
duoc tinh theo cong thitc (4). So sanh néu P; > R (j > i) thi chon phuong an cap nhat véc-to phan
16p mdi; trong trieong hop nguoc lai, gitt nguyén véc-to phan 16p trude do.

D€ qua trinh huén luyén tap véc-to phan 16p trén KD-Tree giam chi phi vé mat thoi gian
cling nhw cac chi phi xay dung cay KD-Tree, can thuec hién cac quy tac sau:
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Quy tic 1: Goi F ={f,: f, € Node, left;i =1.k} 1a tap cac vector thuéc nhanh tréi ctia
Node, . Mudn di chuyén mot vector f; € F sang nhanh phai caa Node, ( Node,.right ) thi chon

vector f, thoa man diéu kién: |Sigmoid (Node,.w, * fi)| < ‘Sigmoid(Nodei W fj)‘ vV, eF

Quy tidc2: Goi F ={f,: f. € Node,.right;i =1..kK} 1a tap cac vector thudc nhanh phai cta
Node, . Mudn di chuyén mét vector f; € F sang nhanh tréi caa Node, (Node,.left) thi chon

vector f; thoa man diéu kién: |Sigmoid (Node,.w; * f,)| <|Sigmoid (Node,.w; * ,)|, v'f; e F

Quy tic3: Goi L={f.: f. eleaf, ;i =1.m}1a tap cac vector sai dwong di tai nut 14 leaf,
Khi &6, wu tién chon vector f; ¢ vi tri sai duong di tai Node, d€ diéu chinh truedc thoéa man dieu

kién: Node,.level > Node, .level; ¥Node,, Node, e f;.Path

Quy tic 4: Goi Node, 1a vi tri can diéu chinh vector trong s§ Node,.w, . Khi thay d6i gia
tri vector NOd€;.W, thi chi can tao lai phan ciu trtic KD-Tree tinh tlt vi tri NOdE, dén tang nut 14
la con ctia Nodeg, . Digu nay lam giam di chi phi xay dung KD-Tree dang k& so véi phai xay dung
lai KD-Tree tir nguyén tap dir liéu ban dau.
Thuit toan 1. Thuat toan phan 16p anh trén cdu trac KD-Tree (CLKDT)
Input: Véc-to ddc trung fi cia anh I,
Output: Tén phan 16p CLi ctia anh I;
Function CLKDT (f;, KD-Tree)
Begin
For (int h =0; h < chiéu cao KD-Tree - 1; h++) do
yij = Tinh gid tri dau ra cta fi tai Node;;
So sanh gia tri yj voi gia tri tai cic Nodex ¢ tang (h+1);
fi di theo nhanh con c6 khoang cach ngan nhat tir yij dén Nodex;
EndFor;
If (f, € Leaf,) then filabel = Leafi.label; CL, = Leaf, label;
Return CLy
End.

Goi h 1a chiéu cao cta cdu truc KD-Tree; k 1a s6 nhanh t6i da tai Node: bat ky thi di liéu dau
vao la vector ddc trung fi c6 n chiéu. Khi truyén vector fi vao KD-Tree, thuat toan 1 duyét qua cac

mtec ctia cdy. Tai moi mie trén KD-Tree, chon mot nut tot nhat va di theo hwéng da chon. Do d¢,
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tai mdi mttc c6 t&i da k phép so sanh dé chon nut t&t nhat. Trong mdi [an so sanh, thuat ton 1
duyét qua n phan tir ctia vector fi. Vi vay, tai mdi mic, s6 phép toan ti da 1a k x n. Cay c6 chiéu
cao h, nén s6 phép toan t6i da d€ duyét tir gdc dén la theo mot hudng dwoc chonlakxn xh. Vih
vakla hf“ang s0 nho, nén dd do phtc tap ctia thuéat toan phu thudc vao n. Mac khéc, s6 chiéu vector
fila c8 dinh ban d4u nén n ciing 1a hang s6. Goi C 1a gid trj hang s6 vaC>kxhxnnénk x hx n <

C x 1. Vivay, do phtic tap cta thuat toan 1 la O(1).

3.3  Hudn luyén tip véc-to phan 16p trén cau trac KD-Tree

Sau khi xay dung cau tric KD-Tree phan 16p, mdi nit 14 1a mot phan 16p hinh anh. Ban
dau, tap véc-to phan 16p cho mdi nit 14 duoc khoi tao ngau nhién nén hiéu sudt phan 16p trén
KD-Tree chua cao. Do d6, can phai thuc hién qud trinh diéu chinh cac véc-to phan 16p luu trix tai
cac Nodei. Qua trinh diéu chinh véc-to phan 16p nay duoc goi la qua trinh hudn luyén tap véc-to

phéan 16p trén cau tric KD-Tree.

Qua trinh hudn luyén d€ tim ra tap véc-to phan 16p t6t nhat cho mo hinh phéan 16p dua vao
cau trac KD-Tree dugc thuc hién theo so d6 trén Hinh 2. D€ giam chi phi cho qua trinh xay dung
KD-Tree va hudn luyén tap véc-to phan 16p, tap dit liéu anh ban dau gom n phan tir duoc chia
thanh nhiéu Epoch di liéu ngau nhién. Mdi Epochi, chita m phan t& (m < n), thuc hién xay dung
cay KD-Tree va huan luyén tim tap véc-to phan 16p t6t nhat Fmaxi. Sau d0, ttr tap Fmax, ti€p tuc xay
dung cay KD-Tree cho Epochii+1) va hudn luyén tim tap Fmaxi+1. Qud trinh nay 1ap lai cho dén khi
hét cac Epoch dit liéu va qua trinh xay dung cay KD-Tree va hudn luyén tim tap véc-to phan 16p
ding lai. Két qua cta qua trinh nay la cdu trac KD-Tree cho két qua phéan 16p tot nhat tng véi bd

KD-Tree; H’\Hué’n\uyéqti—b KD-Trees —»('Huén |uy@n"‘: ————— » KD-Tree, —b;j'Huén |uyén\j—> KD-Tree

=f\'Xéy dung / Q ?(éy dung/ -f’Xéy dl,rng\,:

Tap dir liéu
anh

Hinh 2. So d6 xay dung va huén luyén KD-Tree theo cac Epochi dix liéu
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véc-to phan 16p tSt nhat (Fmay) trén titng b anh thuc nghiém. Qua trinh huén luyén bang cach
chia nho bd dir liéu gitp giam chi phi thoi gian huan luyén so véi viéc huan luyén tir nguyén bo
dtt liéu ban dau.

MO0 hinh phan 16p dwa trén cdu truc KD-Tree duoc hudn luyén theo ting bo dix liéu (Epochi)
dién ra song song véi qua trinh tao cdy. Véc-to phan 16p wi = (xii, X2, ..., xi) tai Nodei duoc huan
luyén theo dao ham nguwoc huéng Gradient nham giam sai s6 trung binh dya trén ham truyén

Sigmoid. Thuét todn hudn luyén véc-to phan 16p trén KD-Tree duoc trinh bay nhu sau:
Thuit toan 2. Thuét toan huén luyén tap véc-to phan 16p trén KD-Tree (TVKDT)
Input: B6 Véc-to khoi tao InitWeight
Output: B6 Véc-to huén luyén;

Function TVKDT (InitWeight, Epochi)
Begin
Vector = InitVector;
Repeat
(1) Tao KD-Tree theo Epochi v6i bo Vector khoi tao, chiéu cao h, n nhénh;
(2) Gan nhan cho cac nut 14 trén KD-Tree;
(3) Pi = Tinh hiéu suét phan 16p trén KD-Tree v6i bd Vector khoi tao;
(4) Xac dinh dwong di sai ctia nhitng vector fx trén KD-Tree;
(5) Xac dinh duong di dung ctia nhitng vector fx bi sai duong di;
(6) Tim vi tri Nodei lam sai dwong di ctia vecto fi;
(7) TrainVector = Diéu chinh vector luu tai Node: dé€ f« dang duong di;
(8) Tao lai KD-Tree theo b vector da diéu chinh;
(9) Gan nhan cho cac nut la trén KD-Tree vira méi tao;
(10) Pj= Tinh hiéu suat phan 16p sau khi diéu chinh vector tai Node;;
Until (Pj< Pi);
Vector = TrainVector;
Return Vector;
End.
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Thuat toan 2 dwoc thue hién Ian luot cac budce (1) dén (10) gom:
(1) Tao KD-Tree d phtc tap O(N), trong d6 N la s phan tir tham gia tao KD-Tree
(2) SO nuatla k' can gan nhan, do phuc tap 1la O(k")
(3) Duyét trén tirng vector, do phtec tap la O(N)
(4) Trong truong hop x&du nhat, tat ca vector déu sai so véi gan nhan ban dau, phai duyét
qua tat ca cac vector tir nut 14 tré vé goc (chiéu cao h) nén s6 phép toan la h x N
(5) Trong treong hop xau nhét, phai duyét qua tat ca cac vector tir nit 14 tro vé géc nén
sO phép toanlah x N
(6) Trong treong hop xdu nhat, vi tri Nodei sai 1a nit goc, nén s6 phép toanla h x N
(7) Trong truong hop xdu nhét, can diéu chinh hét cac vector trong sd thi s6 phép toan
k h+l 1
k-1

1T = (KO 4k 4.4 k") *n = )*n = (ﬁ)*(k“”—l) ~0(k")

(8) Lap lai budce (1), do phtrc tap O(N)
(9) Lap lai budc (2), do phtec tap la O(k")
(10) Lap lai budc (3), do phtrc tap la O(N)
S6 phép toan sau mot qud trinh la:
(N+Kk"+N+h*N+h*N+h*N+T + N+k"+N) = (Bh+4)*N+2k"+T =~ O(k")
Vi vay, do phtic tap ctia thuat toan 2 la: O(kh)

Trong thue nghiém, bo anh Caltech256 ¢6 s6 phéan 16p nhiéu nhat la 257 nén chon k =5 va
h =4 ttec 1a co thé tao ra 625 phan 16p; diéu nay 1a kha thi.

Sau khi hudn luyén, tap véc-to phan 16p trén KD-Tree cho mdi bo anh thuc nghiém 1a khac
nhau. Hinh 3 minh hoa tap véc-to phan 16p cho bd anh COREL sau khi da huan luyén dé hiéu
sudt phan 16p dat 0,8672 trén KD-Tree véi chiéu cao bang 2 va s nhanh bang 4.

[& TrainWeightVector.bxt E1 I

1 0 (0.00466, 0.0070, 0.00658, 0.00862, 0.00592, 0.00304,
2 1 (0.00581, 0.0094, 0.00624, 0.00878, 0.00794, 0.00404,
3 2 (0.00708, 0.0075, 0.00982, 0.00805, 0.00718, 0.010780341,
4 3 (0.00854, 0.00832, 0.00298, 0.00209, 0.00942, 0.00697,
5 ‘4 (0.00404, 0.00975, 0.00675, 0.00808, 0.00844, 0.0099, 0.00132,

Hinh 3. Minh hoa tap véc-to phan 16p trén KD-Tree cho bd anh COREL
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3.4 MO0 hinh phén 16p dnh dwa trén ciu trac KD-Tree
M5 hinh phén 16p anh dya trén ciu truc KD-Tree duwoc thyce hién theo hai pha: Pha huin
luyén KD-Tree va pha phan 16p hinh anh gom cac budc:
(1) Trich xuét véc-to déc trung cho tap di liéu Training va hudn luyén cau truc KD-Tree.
(2) Thuwc hién huédn luyén bd véc-to phan 16p sau khi xay dung cau trac KD-Tree theo cac
Epochi. Két qua ctia qua trinh huédn luyén la thu dugc cdu truc KD-Tree va by véc-to phan
16p d€ cho két qua phan 16p anh trén tap dir liéu anh ban dau 1a tdt nhat.
(3) Trich xudt véc-to ddc trung cta anh dau vao can thyc hién phan 16p.

Thuee hién phéan 16p cho anh dau vao dua trén ciu tric KD-Tree da huan luyén. Két qua
cuia qud trinh phéan 16p nay la tén phan 16p cho anh dau vao.

KD-Tree

{ Huén luyén ———

Y

Tap Vector
T dac trung
/" Trich xudt
. dac trung J

KD-Tree BQ-V ec?or
phan I&p
! Pha phan I6p anh
Anh dau vao <Phén I&p énh\;
N =it Xin) 4T L
¥ Tén phan Iép

Hinh 4. M6 hinh phéan 16p anh dua trén cdu triic KD-Tree

4  Thuc nghiém va danh gia két qua thyc nghiém
41 Ditliéu thuc nghiém

D¢ danh gia hiéu nang cua cac hé théng phan 16p hinh anh, ching t6i sit dung mot s6 bd
d@ liéu anh tiéu chudn cho qua trinh thuc nghiém gom COREL, Wang, CIFAR-100, Caltech101
va Caltech256. Tap anh thuc nghiém dugc chia thanh hai phan: 70% s6 luong anh dung d€ huan
luyén mo hinh phan 16p (Training) va 30% s0 leong anh dung cho kiém thit mo hinh (Testing)
(Bang 1). Cac b dix liéu nay c6 s6 lwong anh va sd phan 16p chénh 1éch nhau kha 16n; khac nhau
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vé tinh chdt nham danh gi hét wu nhiegc diém ctia phuong phap dé xuat. Mdi bo anh cé s6 phan

16p va s6 luong anh khac nhau anh hudng dén thoi gian huan luyén cdu trac KD-Tree.

Bang 1. Mo ta cac tap dit liéu anh thiee nghiém

B6 anh S6 lwgng anh S6 anh Training S6 anh Testing S6 phan 16p
COREL 1.000 700 300 10

WANG 10.800 7.560 3.240 80
CIFAR-100 60.000 42.000 18.000 100
Caltech101 9.144 6.500 2.644 102
Caltech256 30.607 21.424 9.183 257

Qua trinh trinh trich xuat véc-to dac trung hinh anh dwgc thue hién theo thuét toan 3 nhu

sau:

Thuat toan 3. Trich xudt dac trung hinh anh (EFI)

Input: Anh dau vao I

Output: Véc-to dac trung fi ctia anh I

Function EFI (I)

Begin

fi=;
Foreach (image I) do

Phan doan anh [;
Foreach (phan doan Ii ctia anh I) do
m1 = Trich xudt cc gia tri mau MPEG7;
m2 = Trich xudt cac gia tri dac trung SIFT MPEG7;
m3 = Trich xudt cac gia tri dac trung SHI MPEG7;
m4 = Trich xuat cac gia tri mau Color Newton;
mb = Trich xudt cac gia tri dac trung HOG;
m6 = Trich xudt cac gia tri dac trung Sobel HOG;

m7 = Trich xuat cac gia tri dac trung Laplace HOG;
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EndForeach;

EndForeach;

fi=mlUm2Um3Um4UmbUmé6Um?7;

Return f;

End.

Do phtic tap ctia thuat toan EFI 1a O(n). Trong d6 n 1a s6 phan doan ctia anh I vi 12 1a héng

6 nén dd phtic tap ctia thuat toan EFI 1a hang s6.

Thuee nghiém trich xuat véc-to dac trung hinh anh dwgc tién hanh trén hai nhém gia tri d6
la véc-to gom 189 chiéu (SCH) va 225 chiéu (SCH36), minh hoa trén Hinh 5 va Hinh 6.

£ Creating Image Features i m] X % Creating Image Features = m] X
S
nput Image Sobel HOG (144 values) '~ | [Color MPEG7 (25 values) Input Image Intensy Blue MPEG?7 (25 values) '~ | [ Color MPEG7 (25 values)
Losves Sobel HOG (576 values) SIFT MPEG7 (25 values) {asies Sobel HOG (144 values) SIFT MPEG7 (25 values)
i High Pass HOG (36 values) Shi MPEG7 (25 values) i Sobel HOG (576 values) Shi MPEGT7 (25 values)
High Pass HOG (144 values) Color Newton (6 values) Figh Pass HOG (144 values) Color Newton (6 values)
Masha High Pass HOG (576 values) HOG (36 values) Masha High Pass HOG (576 values) HOG (36 values)
Baboon Laplace HOG (144 values) Sobel HOG (36 values) Baboon Laplace HOG (144 values) Sobel HOG (36 values)
Pamots Laplace HOG (576 values) Laplace HOG (36 values) Pamots Laplace HOG (576 values) Laplace HOG (36 values)
Basr Prewitt HOG (36 values) oy Prewit HOG (36 values) High Pass HOG (36 values)
Prewit HOG (144 values) Prewitt HOG (144 values)
Peppers Prewit HOG (576 values) Peppers Prewitt HOG (576 values)
Lena-soederberg SketchCharcoal HOG (36 values) Lenasoederberg SketchCharcoal HOG (36 values)
Logo SBIR-HCM SketchCharcoal HOG (144 values) Logo SBIRHCM SketchCharcoal HOG (144 values)
SketchCharcoal HOG (576 values) SketchCharcoal HOG (576 values)
HOG (144 values) HOG (144 values)
HOG (576 values) HOG (576 values)
HOG (1296 values) HOG (1296 values)
HOG (2304 values) v HOG (2304 values) i
Up Down > < Up Down Up Down > < Up Down

S | 0.0586219556969771 0.00917880308407784 0.000122384041121038 0.208297637988006 00 V'

0.0550994873046875 0 0 0.0833740234375 0 0 0.0030975341796875 0.0006408691406250 A
0. 104385375976563 U 0182952880859375 0 0 0.218017578125 0.2957763671875 0

0.00054931640625 0.0366058349609375 0.

0. 169296264645438000 140625 0.

0042266845703125 3.0517578125E-05

11493 0 0 0.001

375 0.0575204993268878 0 0
0.000367152123363113 0 0.152490515236813

0.0239872720597234 0 0 0.293232162526007 0.0782034022763432 0 0.00134622445233142

Load ing |[Features | [ CLEF | DB Features || Segment

DONE!

Hinh 5. Trich xuét véc-to dédc trung SCH

4.2

Moi trwong thuc nghiém

0.0550994873046875 0 0 0.0833740234375 0 0 0.0030975341796875 0.000640869140625 0
0 104385375976563 0 0182952380859375 000.218017578125 0.2957763671875 0
36605834 0.00422668457!

03125 3.0517578125E-05

0 169296264648438 0 004 0002593994140625 0.010345458984375 0.0575204993268878 0 0

245 0.000367152123363113 0 0.152490515236813

149300 0.00

D 0239872720597234 0 0 0.233232162526007 0.0782034022763432 0 0.00134622445233142

~

0.0586219556969771 0.00917830308407784 0.000122384041121038 0.208297637988006 00 V'

Load Img | [ Features | (] CLEF | DB Features || Segment

DONE!

Hinh 6. Trich xuét véc-to ddc trung SCH36

D€ chting minh tinh ding dan ctia md hinh dé xuat, thie nghiém duoc xay dung trén nén
tang dotNET Framework 4.8, ngdn ngtt 1ap trinh C#. Cdu hinh may tinh cta thuc nghiém pha
kiém thu: Intel(R) CoreTM i7- 5200U, CPU 2,5 GHz, RAM 16 GB va hé diéu hanh Windows 10
Professional. Cdu hinh may server dung dé huan luyén mo hinh phan 16p anh s6 duwa trén cau
tric KD-Tree: CPU Xeon(R) Gold 6258R CPU 2,7 GHz, ) ctng SSD 1024 GB, RAM 16 GB, hé diéu
hanh Server Datacenter 2019.
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4.3  Xay dung thyc nghiém phan 16p anh trén ciu tric KD-Tree

Thuc nghiém xay dung cdu tric KD-Tree theo phuong phap phan 16p duoc minh hoa trén
Hinh 7. Trong thuc nghiém nay, mdi bd anh c6 cdu trtic KD-Tree véi chiéu cao va s6 nhanh khac
nhau d€ phu hop véi s& phéan 16p trén timg bd anh. Hinh 7 minh hoa thuc nghiém xay dung KD-
Tree (Create KD-Tree) trén bo anh COREL véi 10 phan 16p nén chigu cao bang 2 va s6 nhanh t&i
da tai mot node trén cay la 4. Voi mdi bo anh, thuc nghiém chon nhém déc trung SCH hodc
SCH36. Sau khi xay dung cdu truc KD-Tree, thuc hién gan nhan (Set Label) cho cac nat 14 trén
KD-Tree d¢€ tinh hiéu sudt phan 16p tng véi bo véc-to phan 16p xay dung KD-Tree; huan luyén
tap véc-to phan 16p hinh anh (Training Weight). Két qua kiém tht md hinh phéan 16p anh s6 duoc
minh hoa trén Hinh 8 (CL-KDT).

{3 Create KD-Tree - o X £ Image Classification = O

0.4175517844783, 0. 0, 0.0875757945712774, 0, 0. 0. 0. 0.
0.0337158670085053, 0.000295039270744313, 0, 0, 0.172720058600903,

2‘71’29’33 35\‘539"5“54—-65 D
5 768, 0.226396476129439, 0, 0.0135196596978668. 0.
0.0.0 52"31“30“9‘2106 ) 855411 682, 0.867176470588235, 0.874156862745098.
0.889882352941177, 0.889882352941177, 0.889058823529412, 0.899176470588235,
C4‘3v313 725450196, 0.885411764705882, 0.9085633359375, 0.495447701263636,

7 5 0 882

0.00360151385667196. 0. 0. 0.114810971391365. 0. 0.365960784313725,
10.0313725490196078, 0.0165430196078431, 0.0549019607843137,
0.563529411764706, 0.512588235294118, 0.0855294117647059,
05/52156862/451 0.468901960784314, 0.463897705078125,
484160689029471, 0.475624482638584, 0.511258214319605,

0.57521568627451. 0.468901960784314, 0.365960784313725,
0 N313725490196078 0 N165490196078431 0 0549019607843137 0 0

0.000824075204492736, 0, 0. 0.155974036544174, 0, 0.0129308590729663,

051'388113256‘85 0.0, 0. 0. 0.563529411764706. 0.512588235294118, 0.

7. 3<43 5""398-!3 5 Ci ‘5 FLOWER

0. 0.898705882352341. 1. 0. 0.3223137254901%6, 0

e Feature Group Image DBs
Height of KD-Tree [ Image DBs
— O MNH @ COREL O Wang O CIFAR-100
Number of Branch |4 ~ A = =
©CoREL O Wang QCFAR100 O MNH @ MNHH O Cakech101 O Caktech256
Classfication Pedfomnance 58.02% @® MNHH
O Catech101 O Caltech256 - Result
Training Classfication Pefomance  82.89% .
Cossficston Pefemance (9190 Load Image
Cese0Tee | St Tonrg e | Tmes of Gasser Pefomance ) 3905 Gosscston o KD Troe Toding
Hinh 7. Xay dung va huin luyén cdu tric KD-Tree Hinh 8. Thire nghiém phan 16p anh bang KD-Tree

44  Két qua thwe nghiém va danh gia hiéu sudt md hinh phan 16p inh

M6 hinh phan 16p anh da dé xut 6 hiéu suat phan 16p cho b di liéu kiém thir 1a 30%
trén cac tap anh COREL, Wang, CIFAR-100, Caltech101 va Caltech256. Két qua phan 16p dwoc
trinh bay trong Bang 2. B véc-to dac trung 189 chiéu va két qua phan 16p cac b anh thire nghiém
trén bd véc-to déc trung 225 chiéu. So sanh két qua phén 16p véi cac ky thuat khéc trén cung bd
anh dwoc trinh bay trong Bang 3.

Két qua phan 16p hinh anh trong Bang 2 cho thay véi mdi bd déc trung dugc trich xuat
khac nhau thi hiéu sudt phan 16p trén cac bo anh cling khac nhau. Diéu nay cho thay loai dac
trung va s6 luong déc trung ctia hinh anh ¢6 anh hudng dén bai toan phéan 16p anh. Su khac nhau
nay phu thudc vao tinh chat tirng by anh cting nhu phu thudc vao cau tric phan 16p KD-Tree khi
xay dung.
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Dbé dat duoc hiéu suat phan 16p trén cac by anh thuc nghiém, mot s6 chi phi vé thoi gian
hudn luyén va sd [an hudn luyén trén may server c6 cau hinh CPU Xeon(R) Gold 6258R CPU 2,7
Ghz, 6 cing SSD 1024 GB, RAM 16 GB, hé¢ diéu hanh Server Datacenter 2019 dugc trinh bay trong
Bang 3.

Bang 2. Hiéu sudt phan 16p anh dua trén cu tric KD-Tree vdi cac bd véc-to

B6 dit liéu S6 4nh kiém S6 phanlép Hiéu suit phan 16p Hiéu suat phan l6p véi
thi voi dac trung SCH dac trung SCH36

COREL 300 10 0,8232 0,8389

Wang 3.240 80 0,8089 0,8101

CIFAR-100 18.000 100 0,7959 0,7989

Caltech101 2.644 102 0,8109 0,8128

Caltech256 9.183 257 0,7952 0,8081

Bang 3. Chi phi hudn luyén KD-Tree trén cac bo anh thuc nghiém véi bo dac trung SCH36

B6 dit liéu S6 Epoch Téng thoi gian huan luyén S6 Ian hudn luyén
COREL 10 9:45:16 102
Wang 20 32:28:39 171
CIFAR-100 60 58:19:09 239
Caltech101 12 71:54:05 209
Caltech256 15 98:59:45 321

Dé so sanh hiéu qua ctia phuong phap phan 16p hinh anh ti€p can KD-Tree v6i cac phuong
phap khac thuc nghiém trén cing bo anh, chiing t6i so sanh két qua véi cac cong trinh khac (Bang
4).

Bang 4 so sanh két qua phan 16p trén mo hinh dé xudt véi cac cong trinh khac trén cung
bo dit liéu thuc nghiém véi cac phuong phép khac nhau. Trong bai bao nay, két qua hiéu suat
phén 16p dugc thuc hién so sanh nhung khong so sanh chi phi thoi gian huan luyén mé hinh
phan 16p vi cadu hinh mdy tinh khong dong nhat. Dong thoi, chi phi huan luyén m6 hinh phan
16p KD-Tree chi thuec hién mét [an va sau dé dwoc thuc thi nhiéu [an. Két qua so sanh voéi cac
cong trinh phan 16p anh trén cting bd dit liéu cho thay, phuong phap phan 16p anh CL-KDT béang
cau truc KD-Tree la hoan toan kha thi va hiéu qua. C6 thé ap dung phuwong phap nay cho bai toan
phan loai d&i twong qua hinh anh, nhan dang mau va 4p dung cho bai toan tim kiém anh tuong

tu.
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Bang 4. So sanh két qua phan 16p trén cac bo anh véi cac cong trinh khac

Céng trinh Bo dirliéu  Phwong phap Hiéu suat phan l6p
Pavaloi et al. [13] COREL kNN (k=4) 0,7990
Aslam et al. [23] COREL BoVW, Mid-level features 0,8126
CL-KDT COREL KD-Tree- SCH36 0,8389
Nhi et al. [5] Wang C-Tree and kNN 0,6894
Kumar et al. [15] Wang SVM-NPP-SURF 0,7900
CL-KDT Wang KD-Tree- SCH36 0,8101
Kumar et al. [15] CIFAR-100 CNN 0,5802
Rashid et al. [16] CIFAR-100 ESD 0,6800
CL-KDT CIFAR-100 KD-Tree- SCH36 0,7989
Dang et al. [17] Caltech101 k-NN 0,7800
Kabbai et al. [18] Caltech101 SURF-Wavelet Transform 0,7990
CL-KDT Caltech101 KD-Tree- SCH36 0,8128
Zheng et al. [19] Caltech256 Enhanced visual tree 0,6406
Li [20] Caltech256 k-NN 44,42
CL-KDT Caltech256 KD-Tree-SCH36 0,8081

5 K&t luan va hwéng phat trién

Trong bai bdo nay, ching t6i da tién hanh mot phrwong phap phan 16p hinh anh bang cau
trac KD-Tree da nhanh can béng. Thutc nghiém dwgc xay dung trén cac bo anh COREL, Wang,
CIFAR-100, Caltech101 va Caltech256 d€ chiing minh tinh kha thi cia phuong phép duoc chiing
toi dé xuat. Két qua thuwe nghiém duoc danh gia dua trén d6 chinh xac phan 16p trén tap anh
Testing doc lap véi bd anh Training; dong so sanh véi cac cong trinh da cong bo vé két qua phan
16p anh bang cac ky thuat khac trén cting bo dit liéu thuc nghiém. D6 chinh xac phéan 16p trung
binh twong tting vdi titng bd anh COREL, Wang, CIFAR-100, Caltech101 va Caltech256 nhém dac
trung SCH36 Tan luwot la 0,8389, 0,8101, 0,7989, 0,8109 va 0,8081. Két qua nay cho thdy phuong
phép dé xuat la hiéu qua va c6 thé ap dung duoc cho cac hé phan loai anh thudc cac linh vuc khac
nhau. Hudéng phat trién tiép theo la chiing toi sé xay dung mot mo hinh phan 16p anh dua trén
c&u trac KD-Tree két hop véi cac kj thuat hoc may k-NN, SVM va Random Forest nham tang
hiéu sudt phan 16p hinh anh.
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Loi cam on

Chting t6i tran trong cam on Khoa Cong nghé thong tin, Treong Pai hoc Khoa hoc, Dai

hoc Hu€, nhém nghién ctru SBIR-HCM, Truong Dai hoc Su pham Tp. HCM va Truong Dai hoc
Cong nghiép Thuc pham Thanh phd H6 Chi Minh da ho trg vé chuyén mon va co so vat chat dé

nhém téc gia hoan thanh nghién cttu nay.
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